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Abstract 
The study area, Catalca-Kocaeli Peninsula was located on Marmara Region, 
northwestern of Turkey. Due to the industrialization, transportation and job 
opportunities excess and adequacy of education and health services, the majority of 
the population of the Marmara Region is located in the Catalca-Kocaeli peninsula. 
But in recent years, population growth and urbanization have warming effect on 
climate in the research area.  
The main objective of this study is to examine the trend analysis of annual mean 
temperature from 1970 to 2011. Trend becomes the most commonly used technique 
to detect temperature variability in regional and local basis. In this study Mann–
Kendall Rank Correlation Test was applied to annual mean temperature data from 
stations located in Catalca-Kocaeli Peninsula to determine the existence and 
significance of trends, and the years in which changes in the trends started. In order 
to discuss the trends of annual mean temperature, the annual Mann–Kendall 
statistics of temperature are illustrated in graphics with MATLAB software.  
 
Keywords: Trend analysis, Annual mean temperature, Mann-Kendall trend test, 
Catalca-Kocaeli Peninsula, Turkey. 
 
Introduction 
Catalca – Kocaeli Peninsula is located at the north-eastern part of Turkey (Figure 
1). The research area has the most populated cities which names are İstanbul, 
Kocaeli and Sakarya. According to the database of Turkish Statistical Institute 
(TurkStat, 2012) Sarıyer (Istanbul) and Kocaeli have the most population growth 
between 1970 – 2011 period with 323 % and 316 % rate of increase. (Table 1, 
Figure 2). Due to the industrialization, transportation and job opportunities excess 
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and adequacy of education and health services, the majority of the population of the 
Marmara Region is located in the Catalca-Kocaeli peninsula.  
Significant changes in global climate are observed in the past few decades. 
When global-scale temperature are increase, this situation also affects Turkey 
(Ustaoglu, 2011). It is known that the increasing concentration of greenhouse gases 
in the atmosphere which caused by human activity, means a relatively new and 
serious threat of abrupt climatic change (Tabari et al., 2012). Urbanization makes 
significant changes in the surface parameters which have the potential to change the 
local climate in cities (Ezber et al., 2007). Population growth and urbanization have 
warming effect on climate of research area.  
To determine the warming effect, Mann Kendall Rank Correlation method 
applied to the time series of annual mean temperature to detect trends and abrupt 
changes in the time-series over the period 1970–2011. The principles of this test 
have been largely described by Sneyers (1990) and it was used in several climate 
studies in Turkey (Turkes, 1996, Kadioglu, 1997, Ezber et al., 2007). 
 
Figure 1: Location map of Catalca – Kocaeli Peninsula. 
Table 1: Population growth in Catalca – Kocaeli Peninsula for the period between 
1970 - 2011 (TurkStat, 2012). 
  
1970 1975 1980 1985 1990 2000 2010 2011 
 % 
(19
70 - 
201
1) 
Sarıyer 
6790
2 
8526
2 
1176
59 
14750
3 
17187
2 
24254
3 
28080
2 
28730
9 323 
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Bakırko
y 
3417
43 
5608
57 
8825
05 
12383
42 
13282
76 
20839
8 
21914
5 
22066
3 -35 
Kadıkoy 
2415
93 
3625
78 
4682
17 
57786
3 
64828
2 
66329
9 
53283
5 
53199
7 120 
Kartal 
1688
22 
1871
05 
2138
39 
27254
6 
31153
2 
40786
5 
43219
9 
44088
7 161 
Sile 
1942
7 
1864
8 
2042
4 19310 25372 32522 28119 28847 48 
Kocaeli 
3854
08 
4777
36 
5968
99 
74224
5 
93616
3 
12060
85 
15601
38 
16017
20 316 
Sakarya 
4590
52 
4956
49 
5487
47 
61050
0 
68306
1 
75616
8 
87287
2 
88855
6 94 
           
 
Figure 2: Population growth in Catalca – Kocaeli Peninsula for the period between 
1970 - 2011. 
 
Data  
Annual mean temperature of meteorological stations of the Turkish State 
Meteorological Service were used between the period 1970 – 2011. While Kumkoy, 
Kirecburnu, Florya, Goztepe, Sile, Kocaeli and Sakarya meteorological stations 
have the same period between 1970- 2011, Bahcekoy and Kartal have the 1970 – 
2004 period. Altitude of meteorological stations are around between 30 and 130 
meter (Table 2).  
Table 2: Characteristics of annual mean temperature of meteorological stations. 
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Station name Latitude Longitude Altitude (m)  Period 
Kumkoy 41,25 29,03 30 1970 - 2011  
Kirecburnu 41,17 29,04 58 1970 - 2011  
Bahcekoy 41,17 28,94 130 1970 - 2004  
Florya 40,98 28,75 36 1970 - 2011  
Goztepe 40,97 29,08 33 1970 - 2011  
Kartal 40,9 29,18 28 1970 - 2004  
Sile 41,18 29,61 31 1970 - 2011  
Kocaeli 40,78 29,93 76 1970 - 2011  
Sakarya 40,78 30,42 31 1970 - 2011  
 
Methodology 
In this study we used Mann Kendall Rank correlation test. The rank-based non-
parametric Mann–Kendall statistical test has been commonly used to assess the 
significance of trends in climatic time series such as temperature and precipitation. 
The main reason for using non-parametric statistical tests is that compared with 
parametric statistical tests, the non-parametric tests are thought to be more suitable 
for non-normally distributed data, which are encountered in climatic time series 
(Yue et al., 2002). The implementation of the method is realized by writing a code 
using MATLAB. 
Mann Kendall Rank correlation method are as follows: 
“In the Mann-Kendall test, for each element xi (i= 1 , . . . , n) of a series yi of length 
n, ni is the number of elements j which precede i (i >j) such as xi > xj. The trend 
statistic t of the test is computed as follows: 
  
𝑡𝑡 =  �𝑡𝑡𝑖𝑖𝑖𝑖
𝑡𝑡
 
 
The distribution of t, under the null hypothesis, is practically a normal distribution 
with the average and the variance given by the following expressions: 
 
 𝐸𝐸 (𝑡𝑡) = 𝑡𝑡(𝑡𝑡−1)4  and 𝑣𝑣𝑡𝑡𝑣𝑣 (𝑡𝑡) = 𝑡𝑡(𝑡𝑡−1).(2𝑡𝑡+5)72  
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The reduced statistics of t he test, given by |u(t)|, is thus compared to a normal 
distribution law. 
𝑢𝑢 (𝑡𝑡) =  (𝑡𝑡 − 𝐸𝐸 (𝑡𝑡))
√𝑣𝑣𝑡𝑡𝑣𝑣(𝑡𝑡)  
The null hypothesis can, therefore, be rejected for high values of |u(t)|, this being the 
probability α1 of rejecting the null hypothesis when it is derived from a standard 
normal distribution table: 
𝛼𝛼1 = 𝑆𝑆 (|𝑢𝑢| > |𝑢𝑢(𝑡𝑡)|) 
The Mann-Kendall test consists in calculating two series of statistical values, one 
from the beginning of the series, the second from the end. These series are shown in 
the form of two curves respectively called the direct curve (ui ) and the backward 
curve (u´i ). A trend is significant when the curve ui exceeds the 5% threshold, i.e. 
when |ui | > 1.96. Significance of trends were evaluated at the 0.05 levels. Sneyers 
(1990) demonstrated the usefulness of this test, using its direct progressive and 
backward forms, for identifying the intervals in which trends are most pronounced, 
and trend turning points and/or climate shifts. The point which marks the beginning 
of the change corresponds to the intersection between the direct curve and the 
backward curve, (u´i ) . Graphically, the backward and direct curves are often 
confused when there is no significant trend in the series. When values of u(t ) are 
significant, one concludes to a rising or decreasing trend, for u(t) > 0 or u(t) < 0, 
respectively (Samba and Nganga, 2012)”.  
 
Dıscussıon and Results 
In Mann-Kendall application we used 35 years data (n values) for Bahcekoy and 
Kartal, 42 years data for Kumkoy, Kirecburnu, Florya, Goztepe, Sile, Sakarya and 
Kocaeli. Figure 3 and Table 3 show the results of annual mean temperature trends 
of meteorological stations in Catalca – Kocaeli Peninsula. Table 3 shows the results 
of the Mann–Kendall test applied to the annual mean temperature time series for all 
stations. All stations display increasing trends. Both Florya and Goztepe have high 
Mann–Kendall values (3.9 and 3.6 respectively), which indicate signiﬁcant trends at 
95% (1.96) conﬁdence level. Sakarya (3.3), Kumkoy (2.8), Kirecburnu (2.5), Sile 
(2.4) and Kocaeli (2.3) have signiﬁcant increasing trend. Bahcekoy and Kartal 
statistically have no trend. According to this test, the trend in annual mean 
temperatures is significant at the 95 % statistical confidence level and the trend 
started from the early 1990s. An increasing in the annual mean temperature after 
1994 in the research area because of the population growth and the urbanization 
effect. We obtained the population results analysing the raw data (Table 1, Figure 2) 
(TurkStat, 2012). Figure 3 show that the change points in the trends (at 95% level of 
significance) of these time series over the 42 year period. When we look at the 
intersection between the direct curve u (t) and the backward curve u´(t) for all 
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stations, it is seen that the earliest change was started at Florya station with 
increasing trend in 1994. After that, respectively, Sile - 1998; Goztepe - 1999; 
Kumkoy, Kirecburnu and Kocaeli - 2002; Sakarya - 2004 with increasing trend. The 
analyses indicate that the mean annual temperature records in Catalca – Kocaeli 
Peninsula have a warming trend after the year of 1994. These trends in annual mean 
temperatures are statistically highly significant.  
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Figure 3: Results of Mann – Kendall Rank Correlation Test of meteorological 
stations in Catalca – Kocaeli Peninsula between the period of 1970 – 2011. In 
figures, u(t) values are represented as blue lines, u´(t) values are red lines. 
 
Table 3: Mann–Kendall statistics from the analysis of time series of annual mean 
temperature data from meteorological stations in Catalca – Kocaeli Peninsula for 
the period between 1970 - 2011 (Statistically signiﬁcant numbers are marked bold 
and underlined). 
    Mann - Kendall Rank Correlation Trend Test  
Station 
name 
Time 
Series 
u 
(t) 
Trend (at 95% 
level of 
significance) 
Trend year n values 
Kumkoy Tmean 2,8 Increasing 2002 42 
Kirecburnu Tmean 2,5 Increasing 2002 42 
Bahcekoy Tmean 0,5 No trend 1998 35 
Florya Tmean 3,9 Increasing 1994 42 
Goztepe Tmean 3,6 Increasing 1999 42 
Kartal Tmean 0,6 No trend 1998 35 
Sile Tmean 2,4 Increasing 1998 42 
Kocaeli Tmean 2,3 Increasing 2002 42 
Sakarya Tmean 3,3 Increasing 2004 42 
 
Conclusions 
Mann Kendall Rank Correlation method applied to the time series of annual 
mean temperature to detect trends and abrupt changes in the time-series over the 
period 1970–2011 in Catalca – Kocaeli Peninsula. The main conclusions from the 
present analysis as follows: 
1.) Mann–Kendall values are signiﬁcant for all stations (Kumkoy, Kirecburnu, 
Florya, Goztepe, Sile, Kocaeli and Sakarya) except for Bahcekoy and 
Kartal. Bahcekoy and Kartal statistically have no trend. 
2.) According to this test, the trend in annual mean temperatures is significant 
at the 95 % statistical confidence level and the trend started from the early 
1990s because of the population growth and the urbanization effect.  
3.) The intersection between the direct curve u(t) and the backward curve u´(t) 
for all stations, it is seen that the earliest change was started at Florya 
station with increasing trend in 1994. After that, respectively, Sile - 1998; 
Goztepe - 1999; Kumkoy, Kirecburnu and Kocaeli - 2002; Sakarya - 2004 
with increasing trend.  
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4.) The analyses indicate that the mean annual temperature records in Catalca – 
Kocaeli Peninsula have a warming trend after the year of 1994. These 
trends in annual mean temperatures are statistically highly significant.  
Turkey is vulnerable to the anthropogenic-induced climate change as most of the 
geographical area falls under the Mediterranean climate. Catalca – Kocaeli 
Peninsula which urbanization and population growth is so intense will be affected 
by increase in temperature. Thus, conducting such studies is extremely important 
for improving the certainty of estimates for the future strategic planning. 
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